OBJECTIVE: To investigate the prevalence and gender differences in obesity in rural African adolescents. DESIGN: Cross-sectional analysis of a mixed-longitudinal study. SUBJECTS: Four hundred and forty-seven rural African adolescents (190 females; 257 males) aged 7.0±18.9 y. MEASUREMENTS: Anthropometric measurements of height, weight, and skinfolds at the bicep (BCP), tricep (TRCP), subscapular (SSCP) and suprailiac (SPIL) sites and derived ratios of fat distribution including trunk:limb ratios (SSTB (SSCP SPIL)/(TRCP BCP) and ST SSCP/TRCP), and the upper:lower truncal ratio (TRUNK SSCP/SPIL). Obesity was de®ned as (1) a BMI greater than the NHANES III 85% centile or (2) the sum of TRCP and SSCP skinfolds greater than the NHANES III 85% centile. RESULTS: Skinfold measures were signi®cantly greater in females throughout the age range but remarkably greater divergence was apparent after mean menarcheal age of 14.03 y (s.d. 1.25). Centralization of body fat was consistently greater in males but only signi®cantly so after 14 y of age for the ST ratio. Obesity, de®ned by BMI or sum of skinfolds, was greatest in females following menarche reaching a maximum of 16.7% by BMI and 11.1% by sum of skinfolds, and almost non-existent in males. CONCLUSIONS: Increased prevalence of obesity in African females did not occur throughout adolescence but was linked to the timing of menarche. Increased fatness and obesity appears to be a post-menarcheal phenomenon probably caused by the hormonal changes leading to and following ®rst menstruation.
Introduction
The development of obesity has been described by Dietz 1 to be linked to four critical or sensitive periods; intra-uterine life, infancy, the period of adipose rebound (5±7 y), and adolescence. Moreover, the onset of obesity during these periods appears to increase the risk of persistent obesity and its complications and has been considered to be an important predictor of long-term morbidity and mortality. 1, 2 Recent data suggest that a high prevalence of obesity is not unique to developing or industrialised countries, as it has now been shown to be present amongst children in developing countries with prevalences of between 7 and 10% in children aged three to nine years. 3 In South Africa adolescent obesity, particularly amongst African females, has previously been highlighted in a number of publications. 4±11 The salient facts are that obesity is`common' amongst African female adolescents and women but is`rare' amongst African males. 4 Controlled studies on obese adolescent African females have demonstrated that such obesity does not signi®cantly prejudice concentrations of serum HDL cholesterol, triglycerides, or uric acid; nor does it affect glucose tolerance; nor are the blood pressure of the obese signi®cantly increased in comparison to the non-obese. 9 More recently Walker et al 11 reported that obesity in urban African women aged 25±40 y was not speci®cally evocative of deleterious sequelae such as hypertension, hyperlipidaemia and hyperglycaemia. Similarly, in rural African women aged 25±45 y Walker et al 10 reported that whilst 19% of the sample were obese, in 87.5% of these women the obesity could be regarded as`healthy obesity'. Thus, whilst the fact of high prevalences of benign obesity' is well established amongst African female adolescents, there appears to be no clear explanation of the causes of that obesity, why it should be benign or indeed, when obesity becomes prevalent in the adolescent.
In a mixed-longitudinal study of amongst rural African adolescents, Cameron et al 12, 13 described apparent overweight amongst females, in that mean weights as the end of adolescence were near to or greater than the NCHS 50th centile in comparison to heights that were less than the 25th centile. A subsequent longitudinal analysis of fatness and fat patterning 14 provided evidence that identi®ed the gain in fat as occurring after peak height velocity. These reports did not investigate the phenomenon or prevalence of obesity per se. The present paper identi®es the prevalence of obesity in the same sample of African adolescents, with particular reference to sex differences, and provides an explanation of female obesity in relation to gonadotrophin secretion during puberty.
Materials and methods
The participants in the study were 447 rural African children (190 females, 257 males), ranging from 4± 22 y of age, from the area of Ubombo situated in the north-eastern areas of Mpumalanga, South Africa. Participants lived in rural homesteads (kraals) and were sustained by the products of subsistence farming and animal husbandry in addition to ®nancial support from roughly 70% of male breadwinners who were migrant labourers either in the industrial areas of the Witwatersrand or on sugar, maize, or cotton plantations. The study was centered at three schools (one primary, two secondary) that catered for all children in the Ubombo area. The design of the study and details of the characteristics of the participants have been described previously. 15, 16 Brie¯y, the study was of mixed-longitudinal design and was initiated in late August 1985 and concluded in 1990. All children attending the schools were examined once per year and at each examination they underwent an anthropometric evaluation that included skinfolds at the suprailiac (SPIL), subscapular (SSCP), triceps (TRCP) and biceps (BCP) sites, weight, and height. 17 All measurements were taken according to standard procedures, by trained anthropometrists using Martin anthropometers to measure height, Harpenden skinfold callipers to measure subcutaneous fat, RathboneChesterman steel tapes, graduated in millimetres, for circumferences, and a portable Schoenle electronic weighing scale to measure weight to the last complete 0.1 kg. Anthropometrists were required to achieve technical errors of measurement within accepted limits. 18, 19 In addition to anthropometric data, mean menarcheal age was determined using a status quo technique to avoid the inherent problems of accuracy of recalled age at menarche in this sample of rural females.
Obesity
Obesity is usually assessed using either Body Mass Index (BMI) or measures of subcutaneous fat. One of the problems of the interpretation of`obesity' assessed by BMI concerns whether it is a condition of`overfat' as opposed to`overweight'. These terms are often used synonymously and yet conceptually the former refers speci®cally to excess adiposity and the latter to excess weight regardless of its composition. If obesity' is measured by BMI, as a ratio of weight (kg) to height (m 2 ), then it actually records`overweight', but if it is assessed by a more direct measure of body fat, such as subcutaneous skinfolds, then it more closely records`overfat'. The interpretation of the prevalence of`obesity' must, therefore, be mediated by the method of measurement. In addition, the distribution of subcutaneous fat is known to be critical in determining future morbidity and thus an analysis of`obesity' without a simultaneous analysis of`overfatness' and subcutaneous fat distribution would be insensitive. The description and analysis of obesity was therefore approached using two techniques; BMI (weight(kg)/height 2 (m 2 )), and the sum of triceps and subscapular skinfold measurements. Obesity in terms of`overweight' was de®ned, following the procedures of Popkin et al, 3 as a BMI greater than the NHANES III 85% centile, and in terms of`overfat' as a sum of TRCP and SSCP skinfolds greater than the NHANES III 85% centile. 20 Derived ratios of fat distribution compared central-peripheral patterning using (1) the sum of trunk skinfolds relative to limb skinfolds (SSTB (SSCP SPIL)/(TRCP BCP)), (2) the ratio of subscapular to triceps (ST SSCP/ TRCP), and (3) upper-lower truncal patterning using the ratio of subscapular to suprailiac (TRUNK SSCP/SPIL).
Analysis
The mixed-longitudinal design of the study allowed an analysis in which the same children were present in up to ®ve age groups but no child was present more than once in the same age group. Sample sizes below 7 y and above 18.9 y were less than 20 and were not considered statistically viable. The 447 participants resulted in a total number of 1615`case subjects' (964 females and 651 males) between 7 and 18.9 y. Sample sizes by age and sex ranged from 23±115 for females and 22±79 for males.
The data were analysed using a cross-sectional approach on the mixed longitudinal data. The fact that the data were mixed-longitudinal serves to decrease the variance in relation to pure cross-sectional data because the same children are present on more than one measurement occasion. Previous analyses have investigated the longitudinal development of fatness and fat patterning in this sample in relation to peak height velocity, 14 and future analyses will investigate the development of obesity relative to pubertal stages. This analysis, however, relates speci®cally to the prevalence of obesity at particular ages (cross-sectional) rather than the longitudinal development of obesity. Data were analysed using standard descriptive statistics to examine the interrelationships between subcutaneous fat deposition within and between the genders. Independent t-tests were applied to the differences between the genders for the log transformed skinfold measures and the ratios derived Obesity in African adolescents N Cameron and B Getz from log transformed values. In addition, the association between BMI and skinfold determinants of obesity were investigated through Pearson's Product Moment Correlations by age and sex.
Results Tables 1 and 2 age and sex is consistent across TRCP, BCP and SPIL skinfolds and less so for the SSCP skinfold (Figure 1 ). Whilst the males and females tend to diverge throughout the age range, that divergence is more acute following menarche. The females' limb and lower trunk subcutaneous sites demonstrate a clear acceleration in fat deposition which is not mirrored in the male data.
Ratios
The ratio SSTB was signi®cantly greater in females at 11.5 and 12.5 y (t 2.33, 2.89; P`0.05, 0.01). The ratio ST was signi®cantly greater in males from 7.5 through 8.5 y and 15.5 through 17.5 y (t-values 71.09 to 75.24; P`0.03±0.00). Finally, the ratio TRUNK was signi®cantly greater in males at 7.5, and 9.5 through 17.5 y (t-values 71.27 to 76.70; P`0.04± 0.00) (Figure 2 ). Thus whilst females were absolutely fatter than males at virtually all ages, the trunk-limb ratios SSTB and ST were signi®cantly greater in males prior to and in the latter half of the adolescent growth spurt indicating increased centralization of fat in males. TRUNK was signi®cantly greater in males throughout and thus indicated relatively higher fat values in males at the subscapular site and relatively higher fat values in females at the suprailiac site. The most striking pattern of change in these measures was in the ST ratio in which the female pattern altered dramatically after 13.5 y from a gradual increase in ratio into a plateau ( Figure 1 ) and resulted in statistically signi®cant differences between the genders thereafter.
Obesity
Figures 3 and 4 illustrate the prevalence of obesity as de®ned by BMI (Figure 3 ) and the sum of triceps and subscapular skinfolds (Figure 4) . It is apparent from Figure 3 that females demonstrated greater prevalences of`overweight' throughout adolescence but particularly prior to the growth spurt, up to 10 or 11 y of age, and following PHV, after 14 y of age. Neither males nor females demonstrated`overfatness' until the latter stages of the adolescent growth spurt, namely after 15 y of age (Figure 4) .
The prevalence of`overweight' reached a maximum of 16.7% at 18.0±18.9 y and the prevalence of overfat' reached at maximum of 11.1% at 17.0± 17.9 y. It is evident that prior to the adolescent growth spurt the prevalence of`obesity' actually relates to`overweight' rather than`overfat'. None of the females and only one male was`overfat' prior to adolescence, whereas 11 females and one male werè overweight' prior to adolescence. The most striking feature is the relatively high prevalence of`overweight' amongst females prior to the adolescent growth spurt (Figure 3) .
The relationship between BMI and skinfold mea- 
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sures of obesity is illustrated in Figure 5 which shows the age and sex based correlations between these two measures. The correlations gradually increase over time from 0.2 to about 0.7 in females and 0.5 in males. At almost all ages correlations for females are greater than for males and particularly so from the initiation of the adolescent growth spurt at about 12 y of age. Thus prior to adolescence BMI does not accurately re¯ect subcutaneous fat and only does so in females after 12 y of age. Therefore`obesity' identi®ed by a high BMI in these subjects prior to adolescence relates to a greater total weight:height ratio rather than a greater total fat.
Discussion
This analysis has demonstrated that, in this sample of rural African adolescents, and in common with other previous analyses, 4±12,17 females are more prone to obesity, in terms of either`overweight' or`overfat', than males (Figures 3 and 4) . The prevalence of obesity begins to increase after 14 y of age, and Obesity in African adolescents N Cameron and B Getz reaches a peak prevalence towards the end of adolescence, at 17±18 y of age. Patterns of`overweight' were different to those of`overfat' and demonstrated an increased prevalence of`overweight' in females prior to 8 y of age and slightly elevated values in females at 13.5 through 15.5 y of age.
The pattern of overweight illustrated in Figure 4 is similar to the pattern of the incidence of obesity demonstrated by females in the Third Harvard Growth Study reported by Must et al 21 ; the suggestion of a peak corresponding to the peak of adiposity rebound between ®ve and seven years of age, and a second peak in adolescence. Dietz 1 suggests that these observations support the likelihood that these two periods represent critical periods for the onset of obesity. If that were the case why is this phenomenon more apparent in females rather than males, and why does it occur speci®cally during those particular age ranges?
It is perhaps not without signi®cance that the ages of adiposity rebound and adolescent onset of obesity correspond to the juvenile or mid-growth spurt and the latter half of the adolescent growth spurt. Both of these periods are associated with hormonal changes that may be signi®cant in increasing the susceptibility of the child to fat deposition and this may be particularly true for females. It is important to identify that the onset of adolescent obesity is not throughout the adolescent growth spurt but occurs in a particular part of the growth spurt in females; immediately following menarche at a mean age of 14.03 y (s.d. 1.25) in this sample. 22 The remarkable increase in the mean log transformed TRCP, BCP and SPIL skinfolds after 14 y of age, illustrated in Figure 1 , bears witness to the general increase in subcutaneous fat and speci®cally to an accelerated post-menarcheal increase.
Conclusions
We have a situation in which African males demonstrated virtually no obesity throughout the age range studied, and females demonstrated increased`overweight' coinciding with the juvenile or mid-growth spurt and post-menarche as well as an increased overfat' post-menarche. We also know, from the work of Walker et al, 9±11 that`obesity' in African adolescent females and women is not associated with an increased risk of morbidity, namely it is`benign' obesity.
Does this timing imply that increased obesity occurs in post-menarcheal females because the menarche-associated hormonal changes increase their susceptibility to accumulate body fat? Further, is the resultant obesity`benign' because the distribution of subcutaneous fat re¯ects the gluteofemoral or gynoid distribution known to be un-associated with adult morbidity? Dietz 1 links sexual dimorphism in fat deposition to the presence of androgens. The suggestion that both males and females deposit fat during the period of adiposity rebound, or the mid-growth spurt, and that only females deposit fat during late adolescence seems logical if we accept that the mid-growth spurt coincides with adrenarche. The maturation of the adrenal cortex promotes the release of androgens which, in the absence of signi®cant amounts of testosterone, oestrogen, or progesterone promote fat and lean body mass deposition in both sexes and thus increased skinfold measurements`adipose rebound' and increased BMI. However, in this sample excess weight, rather than subcutaneous fat has only been recorded amongst females at the time of the midgrowth spurt but not amongst males. This may simply be because weight increases in this sample of males, relative to their actual weights rather than to the NHANES III reference sample, are not large enough to take mean BMIs into the`overweight' category. So, although they do experience increased lean body mass and subcutaneous fat at adipose rebound/mid-growth spurt it is not evidenced by an increased prevalence of overweight' amongst the males.
The hormonal changes associated with sexual maturation alter this relationship such that in postmenarcheal females the presence of signi®cant amounts of both oestrogen and progesterone makes them susceptible to fat deposition at both central and peripheral sites and, in particular promotes`obesity' as a result of increased gluteofemoral fat deposits. In males, conversely, the presence of testosterone with androgens protects them from excess fat deposition, and thus obesity/overfat in the gluteofemoral region, but promotes centralization of body fat with the consequent increased risk of morbidity associated with abdominal obesity. In short, the relationship of pubertal events, such as the initiation of puberty and the age of menarche, to fat deposition may be critical determinants of regional adiposity, consequent obesity, and increased or decreased risk of morbidity.
Apart from establishing the relationship of the timing of adolescent growth with subsequent fatness or leanness, previous research has not established the relationship between pubertal status and regional adiposity. 23 The current analysis demonstrates signi®-cant changes in adiposity that appear to be synchronised on the timing of menarche and therefore adds empirical evidence to previous speculations of the association between puberty and fat accumulation and distribution.
Sex differences in fat accumulation and fat patterning during adolescence have previously been established as occurring post-PHV.
14,24 Bjo Èrntorp
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(p 581), reviewing the evidence relating to regional obesity, stated that,`The main regulating enzyme for lipid uptake, lipo-protein lipase (LPL), seems to be dependent on cortisol and female sex steroid hormones, particularly progesterone. There is an apparent absence of speci®c receptors for the sex steroid hormones in human adipose tissue. Therefore, it is speculated that interactions with the glucocorticoid activity by way of glucocorticoid receptor, present in abundance may be likely, and it may well be that progesterone enhances LPL activity through this receptor.' In addition, Rebuffe Â-Scrive et al 26 identi®ed the relationship between the menstrual cycle and increased LPL activity in the femoral site. It seems logical to conclude, therefore, that the hormonal changes leading to and surrounding the ®rst menstrual cycle herald the development of increased gluteofemoral fat and the acquisition of gynoid patterning. However, even though sex steroids and glucocorticoids have been identi®ed as important correlates of regional fat distribution, the available evidence is based on blood levels of steroids and their derivatives and their is an apparent lack of oestrogen and progesterone receptors in human adipose tissue 23 which suggests that female sex hormone status is not a speci®c regulator of the pro®le of subcutaneous fat distribution. 25 It would appear, therefore, that expert opinion is divided on the precise role of progesterone but that considerable evidence exists to make a temporal link between the increase in gluteofemoral obesity during adolescence and the increased production of progesterone at the time of menarche.
Thus it would appear that a major reason for the accumulation of subcutaneous fat in African females, and subsequent increases in the prevalence of obesity following menarche, may be due to the hormonal changes that induce menstruation and in particular the increased presence of progesterone. At the time of the initial analysis of fat patterning on this sample, 12 the temporal link of changes in body fatness with menarche was not made. This subsequent analysis clearly relates the accumulation of adolescent fat, and particularly gluteofemoral fat, in African females to the timing of menarche.
But why should this be the case for African females as opposed to any other ethnic group? Walker and Segal 4 have suggested a genetic factor, and certainly the presence of gluteofemoral fat or`steatopygia' is a common site in Africa and is described as a characteristic of the Khoi-San or`bushmen' women of southern Africa. It may be that the San admixture, of between 5% and 60% amongst southern African peoples, 27 maintained gluteofemoral fat deposition amongst females. The result is therefore gluteofemoral fat deposition which is benign because it was at one time associated with higher survival rates. It may be the case that those genes in African post-menarcheal adolescents and women either (1) cause the secretion of greater amounts of progesterone, or (2) promote greater progesterone activity and/ or sensitivity in the gluteofemoral region.
